INTRODUCTION {#sec1-1}
============

Asthma, allergic rhinitis (AR), chronic obstructive pulmonary disease (COPD), and rhinosinusitis are chronic diseases of the airways and other structures of the lungs. Chronic respiratory diseases account for 4% of the global and 8.3% of the overall burden of chronic diseases, having a major adverse impact on sufferers\' quality of life (QoL), disability, and productivity, and resulting in increased economic burden for both the individual and community.\[[@ref1]\] In recent years, the Asia-Pacific region has undergone a period of rapid growth, urbanization, and economic change. Recent studies have shown that the prevalence of asthma, allergic disorders, and COPD has increased, becoming a major health priority for the region.\[[@ref2][@ref3][@ref4][@ref5]\] Although the underlying reasons for this increase remain unclear, it is thought that environmental, population, genetic, and socioeconomic factors may play a significant role.\[[@ref1]\]

There are limited data on the burden of respiratory disease in India. Two recent reviews report the prevalence of physician-diagnosed asthma in adults in the Asia-Pacific region as varying from 0.7% in Korea to 32.8% in Australia; studies in India report prevalence from 2.05% to 3.5%.\[[@ref6][@ref7][@ref8][@ref9]\] Approximately 55% of all allergies seen in India are attributed to AR.\[[@ref10]\] The estimated prevalence in adults for the Asia-Pacific region is between 10% and 32% although it is frequently underdiagnosed or mistreated.\[[@ref5]\] COPD remains the third leading cause of mortality worldwide, responsible for 5.5% of deaths annually.\[[@ref11]\] Rigorous estimates of the current prevalence of COPD in India are not well-understood due to the size and diversity of the Indian populations; however, data indicate that prevalence may vary from 3% to 8%.\[[@ref12][@ref13]\] The economic impact of respiratory disease in India remains largely unknown; however, 2011 estimates of the annual treatment cost of COPD is 350 billion rupees rising to 480 billion in 2016 using current treatment practice trends.\[[@ref14]\] The annual treatment cost associated with asthma is estimated to be one-tenth of that of COPD.\[[@ref15]\]

Understanding the socioeconomic burden on healthcare resources arising from these respiratory diseases is essential to identify effective interventions, plan priorities, and strategically allocate funds and resources to reduce the burden of these respiratory diseases in India. While several studies have addressed prevalence, diagnosis, and treatment of the above respiratory diseases in India, no studies to date have explored the burden of care in adults who present to healthcare professionals (HCP) using one standard protocol. As such, the present cross-sectional, observational study was conducted with the aim of estimating the proportion of adults receiving care for asthma, AR, COPD, and rhinosinusitis and assessing the economic burden, both direct and indirect of these chronic respiratory disease in India.

SUBJECTS AND METHODS {#sec1-2}
====================

Study design {#sec2-1}
------------

This study formed part of the Asia-Pacific Burden of Respiratory Diseases study, a large multi-country, cross-sectional, observational study of adult patients receiving care for respiratory diseases across six countries in the Asia-Pacific region -- India, Korea, Malaysia, Singapore, Taiwan, and Thailand.\[[@ref16][@ref17]\] The study consisted of site-based surveys administered to patients presenting with a new or existing primary diagnosis of respiratory disease during a single visit. Respiratory diseases were considered as any conditions affecting the upper and lower airways.

Subjects were recruited from four sites in India between October 31, 2012, and October 13, 2013. Approval for the study was obtained from the Ethics Committees at the National Allergy Asthma Bronchitis Institute, BYL. Nair Ch. Hospital and T. N. Medical College, St. John\'s Medical College and Dr. Paras Gangwal\'s Clinic.

Patients {#sec2-2}
--------

Consecutive adult patients presenting to a healthcare provider during a routine consultation were assessed and screened for eligibility to participate in the study. Patients receiving care for a new or existing diagnosis of asthma, AR, COPD, and rhinosinusitis were considered eligible and provided with a written study description and informed consent form. Eligibility criteria included ≥18 years of age and receiving care for a new or existing diagnosis of asthma, AR, COPD, and/or rhinosinusitis. Patients were excluded if they had participated in an interventional clinical study within the last 12 weeks. A patient could only participate in the study once and no follow-up visits were recorded. Study information was provided prior to enrollment and informed consent was obtained for each. The patient\'s present medical management was not influenced by recruitment to the study.

Data collection {#sec2-3}
---------------

Physician and patient surveys were developed specifically to meet the objectives of the study as no suitable validated instruments existed for the four diseases of interest. The physician survey was non-interventional and comprised questions relating to the primary diagnosis of asthma, AR, COPD, or rhinosinusitis, reason for the patient\'s visit, new and existing diagnoses for the four diseases, family history of the four diseases, referrals to other medical services, medication use 4 weeks prior, and intended medication use after the study visit. For patients with a new diagnosis, physicians reported the clinical criteria used to make the diagnosis. The International Classification of Diseases-10 classifications were used in the diagnosis of respiratory disease.\[[@ref18]\] This excluded some infectious and parasitic diseases that may affect the respiratory system (e.g., tuberculosis) and also excluded neoplasms of the respiratory system. The study relied on a diagnosis made by the attending physician using criteria based on international guidelines.\[[@ref19][@ref20][@ref21][@ref22]\] The physician was asked to indicate the clinical criteria used to make the diagnosis from a list of criteria for each disease adapted from international clinical practice guidelines for asthma, AR, COPD, and rhinosinusitis for patients who had a new diagnosis of any of the four diseases. Although the study was not intended to influence the patients\' clinical management and physicians\' usual diagnostic practices, some patients may have been diagnosed using a more standardized and rigorous approach than before commencement of the study. Attempts to independently verify or confirm the patient\'s diagnosis were not made.

Patient surveys were self-administered and included questions relating to demographics and disease history, respiratory symptoms, healthcare resource use, work productivity, and QoL. Validated surveys that assessed work productivity\[[@ref23]\] and health-related QoL (HRQoL) included work productivity and activity impairment -- specific health problem (WPAI-SHP), 12-item short form health survey version 2.0, and disease-specific HRQoL measures (i.e., Mini Asthma QoL Questionnaire, Mini Rhinoconjunctivitis QoL Questionnaire, Sino-Nasal Outcomes Test-20, COPD Assessment Test). The recall period for WPAI-SHP was 7 days. All study-related data were collected during the single study visit.

Costing analysis {#sec2-4}
----------------

To adopt a broad societal perspective, cost calculations were based on the direct costs (e.g., medical services or healthcare providers, medication use, patient-reported healthcare provider, and hospital visits), and indirect costs (e.g., lost productivity). As insurance companies and/or patients pay the majority of healthcare costs in India, government, insurance, and patient out-of-pocket cost estimates were used to conduct the cost analysis. Unit costs for healthcare resource utilization (HCRU) by practice type (e.g., general practitioners \[GP\] visit, specialist consultation, pharmacist visit, and hospitalization for respiratory patient) and primary diagnosis (asthma, AR, COPD, and rhinosinusitis) were collected. Average HCRU costs were calculated using the unit cost of the healthcare resource use item multiplied by reported healthcare resource use in the previous 4 weeks, plus the current visit to the GP or specialist. Local unit costs and assumptions were derived by local experts and affiliates.

The dosing and duration of medication use were based on international therapeutic guidelines. During the 4 weeks before the index consultation, patient medication use was collected for each medication class (e.g., antibiotic, inhaled anticholinergic, etc.). Medication costs were calculated using one representative medication from the most commonly prescribed medication for that respiratory disease and the general assumption was that patients would incur the cost of therapy over the full 28-day (4 weeks) period.

Work productivity was assessed using the WPAI-SHP questionnaire which measured the amount of absenteeism, presenteeism, overall work productivity lost, and daily activity impairment attributable to a specific health problem. The recall period for this questionnaire was 7 days and work productivity costs were only calculated on the proportion of participants who were reportedly employed during the study period. The value of lost productivity was assumed to be equal to the gross average monthly wage (estimated at INR 6399 from ILO Global Wage Database 2012), which were extrapolated to year 2014 values using linear regression. Lost productivity costs were calculated by multiplying the overall productivity lost from the WPAI questionnaire by the average monthly wage.

For all direct and indirect costs, the 4-week costs were multiplied by 13 to estimate the annual cost. The costs presented were calculated for the respiratory disease for which the patient had a primary diagnosis. Costs were presented in USD using the exchange rate for September 15, 2014 (1 USD = 61.0278 INR).

Statistical analysis {#sec2-5}
--------------------

Statistical analyses were performed using SAS^®^ for Windows, version 9.3 (SAS Institute Inc., NC, USA). Descriptive analyses were conducted. Data are presented as mean ± standard deviation (SD) for continuous variables or as a number (percentage) for categorical variables. The percentage and 95% confidence interval (CI) of patients with each disease were calculated using the exact (Clopper--Pearson) method.

RESULTS {#sec1-3}
=======

Patient demographics {#sec2-6}
--------------------

A total of 1337 patients across four study sites were diagnosed with a respiratory disease and screened for inclusion in the study. The total eligible patients presenting with a primary diagnosis of one of the four diseases was 1034 (77.3% of those screened), of which 1000 (96.7%) patients consented and enrolled in the study.

The patient characteristics are presented in [Table 1](#T1){ref-type="table"}. The mean (SD) age of enrolled patients was 45.1 (SD 16.93) years and 63% were male. Forty-six percent of patients were in full- or part-time employment. Twenty-five percent of study patients reported ever smoking. About 32% (*n* = 79) of these patients were current smokers, with a primary diagnosis of AR (24%), asthma (37%), COPD (37%), and rhinosinusitis (3%).

###### 

Patient demographics by primary diagnosis for India
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Frequency of respiratory disease {#sec2-7}
--------------------------------

Asthma (42.4%, 95% CI: 39.3%, 45.5%) was the most frequent primary diagnosis among enrolled patients, followed by AR (29.9%, 95% CI: 27.1%, 32.8%), COPD (23.2%, 95% CI: 20.6%, 25.9%), and rhinosinusitis (4.5%, 95% CI: 3.3%, 6.0%). The study identified patients who presented with concomitant respiratory diseases as shown in [Figure 1](#F1){ref-type="fig"}. About 33.5% (*n* = 335) of patients were diagnosed with various combinations of the four respiratory diseases; the majority (80.0%) of patients presented with a combination of asthma and AR, with or without other conditions. Of those patients presenting with a primary diagnosis of asthma (*n* = 424), 41.5% were diagnosed with a combination of respiratory diseases, including 165 (38.9%) patients with AR, with or without other conditions. For patients presenting with AR as the primary diagnosis (*n* = 299), 33.8% were diagnosed with more than one respiratory disease, of which 96 (32.1%) were diagnosed with asthma, with or without other conditions. COPD accounted for 23.2% (*n* = 232) of the primary diagnosis of patients, of which 14.2% were diagnosed with more than one disease, including asthma (11.2%) with or without other conditions. Rhinosinusitis was the least frequently diagnosed respiratory condition, with a primary diagnosis in 45 patients (4.5%). Of these patients, 55.6% were also diagnosed with AR.

![Percentage of enrolled patients (*n* = 1000) with a combination of diseases](LI-33-611-g002){#F1}

Respiratory symptoms {#sec2-8}
--------------------

Patients were required to report the symptom that was the main reason for their current visit and list all their current symptoms and main reason for the current medical visit \[[Figure 2](#F2){ref-type="fig"}\]. Cough or coughing up phlegm was the main reason for the current visit by patients who were diagnosed with asthma (38%) and COPD (55%), followed by difficulty in breathing (29% and 19%, respectively). For patients with a primary diagnosis of rhinosinusitis, the main reason for the current medical visit was colored nasal discharge (20%) followed by cough or coughing up sputum every day (18%). Patients with AR reported a watery, runny nose (26%), and sneezing (18%).

![Percentage of patients reporting current symptoms and main reason for the current medical visit by primary diagnosis (*n* = 951). \*Loss of smell, reduced smell or foul smell](LI-33-611-g003){#F2}

Healthcare resource utilization {#sec2-9}
-------------------------------

Patients reported their HCRU associated with their main respiratory symptom for the 4 weeks before the current medical visit \[[Figure 3](#F3){ref-type="fig"}\]. GPs were the most frequently utilized healthcare resource by patients with a primary diagnosis of rhinosinusitis (42.2%), COPD (34.1%), and asthma (26.3%). Patients with AR reported more frequent utilization of the pharmacist (11.1%) than GP (10.4%) and patients with rhinosinusitis reported greater use of the pharmacist (15.6%) and alternative or traditional medicine practitioners (13.3%) than specialists (6.7%). Specialist visits were reported by \<10% of patients across all four respiratory diseases. The use of the hospital or emergency department was minimal, reported predominantly in patients with COPD and asthma (5.2% and 1.4%, respectively).

![Percentage of patients with healthcare resource utilization in previous 4 weeks by primary diagnosis (*n* = 951)](LI-33-611-g004){#F3}

Study patients were asked about their history of medication use in the 4 weeks before the study visit \[[Figure 4](#F4){ref-type="fig"}\]. Eighty percent of patients reported using medication for their respiratory disease in the previous 4 weeks. Prior medication use was highest among patients with a primary diagnosis of COPD (90.1%), followed by AR (78.6%), asthma (76.9%), and rhinosinusitis (66.7%). The use of oral antihistamines was greatest among patients with AR (51%) and rhinosinusitis (49%). Of interest was the use of alternative or traditional medicines among patients with AR (23%). Study patients with COPD and asthma reported the highest use of fixed-dose combination inhalers (44% and 36%, respectively).

![History of medication use in 4 weeks before medical visit and medication prescribed at the current medical visit by primary diagnosis (*n* = 1000)](LI-33-611-g005){#F4}

Medications prescribed to study patients during the medical visit were recorded \[[Figure 4](#F4){ref-type="fig"}\]. The main medications prescribed by the treating healthcare provider generally reflected patient medication use in the previous 4 weeks. Antibiotics were prescribed more frequently at the current visit than were used in the previous 4 weeks, with antibiotic prescribing highest in patients with a diagnosis of rhinosinusitis (82%), followed by COPD (50%). The prescribing of leukotriene receptor antagonists was more frequent in all diseases except COPD when compared to the medication use in the previous 4 weeks.

Work productivity and activity impairment {#sec2-10}
-----------------------------------------

The WPAI questionnaire was completed by study patients and assessed the impact of the four respiratory diseases on activity impairment and work productivity loss \[[Figure 5](#F5){ref-type="fig"}\]. Presenteeism (percentage impairment at work) when compared to reported absenteeism (percentage work time missed) was the biggest contributing factor to reported productivity loss. This was particularly evident in patients with rhinosinusitis where the impact on productivity loss (57.9%, SD 24.5) and activity impairment (49.1%, SD 18.9) was high when compared to asthma and AR. The impact of COPD on study patients was also evident in reported activity impairment (55.6%, SD 20.7) and work productivity loss (47.5%, SD 23.1).

![Mean percentage work productivity and activity impairment scores by primary diagnosis](LI-33-611-g006){#F5}

Costs {#sec2-11}
-----

The annualized direct and indirect costs captured in the study by primary diagnosis are presented in [Figure 6](#F6){ref-type="fig"}. The overall mean cost for patients with a respiratory disorder was US\$637 (SD 806) per patient annually. For the working population, the most significant cost component attributed to all four diseases was productivity loss (62.2% of total costs) with a mean cost per patient of US\$598 (SD 325). Rhinosinusitis sufferers followed by COPD incurred the highest loss of productivity cost with a mean of US\$793 (SD 338) and US\$650 (SD 312), respectively.

![Annual direct and indirect costs for study population by primary diagnosis (India)](LI-33-611-g007){#F6}

The highest direct medical costs were in patients with a primary diagnosis of COPD (50% of direct costs), followed by asthma (36.7%), AR (29.6%), and rhinosinusitis (24.4%). Medication use was the main driver of these direct medical costs for patients with COPD (72.5% of direct costs), rhinosinusitis (69.6%), AR (61.1%), and asthma (59.5%) \[Supplementary Table 1\]. Specialist and GP visits were the main drivers of nonmedication direct expenses \[Supplementary Table 2\].
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Cost of medications by primary diagnosis per month in INR and USD
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Click here for additional data file.
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Cost of healthcare resource use by primary diagnosis per month in INR and USD
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Click here for additional data file.

DISCUSSION {#sec1-4}
==========

The aim of this study was to report the burden of care in adults of the four respiratory diseases using one standard protocol. The results highlight both the economic and social impact of these respiratory disorders.

The most frequent primary diagnosis in this study was associated with asthma (42.4%), whose growing prevalence has been particularly pronounced in India due to increasing industrialization, rapid urbanization, and adoption of the western lifestyle.\[[@ref24]\] Almost a third (29.9%) of study patients reported a primary diagnosis of AR, and although rhinosinusitis only accounted for a small percentage of respiratory conditions, its association with AR were common. COPD as primary diagnosis was attributed to almost a quarter (23.2%) of patients in this study, almost half that of asthma. This may be attributed to the severity of disease as many COPD patients may have been managed at a tertiary rather than primary level. It is also possible that COPD may have been under-diagnosed due to its progressive nature, which may have contributed to fewer cases seen in this study despite its higher prevalence. It was interesting to note that over half of COPD study participants had smoked, significantly higher than for other respiratory diseases, although fewer were current smokers than asthma and AR patients. Evidence of associations between smoking and asthma/COPD has been found although is not conclusive.\[[@ref14][@ref15]\]

Patients were frequently diagnosed with multiple respiratory conditions, which may be associated with greater morbidity and HCRU.\[[@ref25]\] The high rate of comorbidity associated with asthma and AR is supported by several studies and is consistent with our findings, with 80% of enrolled patients with a primary diagnosis of asthma being diagnosed with AR with or without other conditions.\[[@ref10][@ref26][@ref27]\] The reciprocal relationship was also evident, as 32.1% of patients with a primary diagnosis of AR were diagnosed asthma, however this was less than previously reported.\[[@ref10]\]

The primary reason for the medical visit for COPD and asthma patients was due to symptoms of cough or coughing up sputum; this was also common in patients with a primary diagnosis of rhinosinusitis and to a lesser extent AR. Global healthcare expenditure related to the treatment of cough is estimated to be \>\$10 billion annually.\[[@ref28]\] Healthcare resource utilization is substantial with estimates indicating patients with chronic cough account for 10--38% of respiratory outpatients and the average number of visits to a medical service \>20 per patient.\[[@ref29][@ref30]\] Given the frequency of concomitant respiratory conditions reported in this study the presence of cough, particularly in AR and rhinosinusitis, may act as a key signaling symptom to prompt further investigation for more serious disorders such as COPD and asthma, and initiate early and appropriate treatment interventions.

This study provides new data on the economic cost of respiratory diseases in India. The socioeconomic burden arising from symptoms of respiratory diseases contributes directly to healthcare system costs and adding a significant burden on patients QoL, work performance, and daily activities.\[[@ref27]\] The results demonstrated that lost work productivity is the most important indirect cost driver, accounting for the majority of expenditure in respiratory disease. Presenteeism was found to be a far bigger contributor to lost productivity than absenteeism. Factors such as loss of income, inability to care for family, and psychological factors have not been accounted for but may add significantly to the societal burden.

Medications were the most significant direct cost, reflecting the increased availability of effective medications and treatment options in India. Despite limited efficacy, there was high use of alternative medicine practitioners and medicines in patients with AR and rhinosinusitis, which may reflect lack of resources or access, cultural beliefs, or perceived lack of disease severity.\[[@ref31][@ref32]\] Understanding HCRU, particularly medication use, may assist in targeting the under or incorrect utilization of medicines and lead to the adoption of improved treatment practices and evidence-based strategies that are targeted, cost-effective, and lead to optimal health outcomes.

Certain study limitations were inevitable and should be considered when interpreting the results. Study participants may not be representative of the broader population with these respiratory diseases as it was not the intention of the study to measure prevalence estimates that are generalizable to the entire population, country, or region. Furthermore, the results may not be generalizable to either patients under 18 years of age or rural populations as only adult patients were recruited from urban centers. The method of diagnosing respiratory disease was not standardized. The patients\' clinical management and physicians\' usual diagnostic practices were not intended to be influenced by participation in the study; however, some patients may have been diagnosed using a more rigorous and standardized approach than may have occurred before commencement of the study. Patients were segregated by the experts in the field based on the patient\'s symptoms. No interventional or any other investigation was done to verify the diagnosis. The reported frequency in symptoms may have been influenced by factors such as age, smoking rate, and environment and seasonality which may have resulted in variations between diseases. The study did not aim to establish prevalence rather to provide a description of the extent of the four diseases of interest in patients presenting to primary and specialist HCPs with respiratory symptoms within a restricted period. The cost analysis provides only estimates of the average cost per patient and major cost drivers. Publicly available data or information provided by local experts or affiliates were used where available to estimate cost estimates; however, where this information was not available certain assumptions were adopted.

CONCLUSIONS {#sec1-5}
===========

Given the ongoing rapid expansion, development, and urbanization of India, the frequency of respiratory diseases and the associated economic impact may continue to rise, resulting in an increasing burden on scarce healthcare resources. The findings contribute to efforts to better understand the socioeconomic impact of respiratory disease and the development of tailored strategies such as early diagnosis of respiratory disease and optimization of treatment, to ensure appropriate targeting and allocation of funds to minimize the impact of these diseases in India.
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